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Abstract 
This paper is prepared based on the invited session speech (of the track Production and Operations Management) on 
the same topic. The objective of this paper or presentation is to outline recent development in Production and 
Operations Management. Green process and product design is chosen as the core theme. Some illustrative cases 
conducted by the author, including reverse logistics, eco-design, and so on, are employed to demonstrate how green 
process and product design can be done in practice. Life-cycle assessment plays a special role in these cases. 
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1. Introduction 
Green operations management has been gaining increasing attention in recent years [1-3]. Although 
legislation may be the most important driving force for firms to take the environment into consideration 
[4-5], they may find incentives to consider their process management from green perspective, at least 
from a resource-based view [6]. In fact, there are number of ways to accomplish this objective. Eltayeb et 
al. [7] proposed the following from a wider supply chain point of view: 
x Green purchasing; 
x Supplier environmental collaboration; 
x Customer environmental collaboration; 
x Reverse logistics; 
x Eco-design. 
Following this line of thought, this paper focuses more on the production and operations management 
side, i.e. process and product design, which are reverse logistics (one form of process design) and eco-
design of the above. This is in fact in line with some previous studies which considered green innovation 
as process innovation and product innovation (e.g. [8]). Case studies conducted by the author are 
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employed to illustrate how green initiatives can help companies to gain advantages. The following section 
discusses process design (i.e. reverse logistics), followed by a section on product design (i.e. eco-design). 
Then the author will conclude this paper with a discussion of a recently published study. 
2. Green Process Design – Reverse Logistics 
This section is based on a real-life application of reverse logistics in the electronic manufacturing 
industry [9]. Reverse logistics is one form of process management. It can be defined as “the process of 
planning, implementing, and controlling the efficient, cost effective flow of raw materials, in-process 
inventory, finished goods, and related information from the point of consumption to the point of origin for 
the purpose of recapturing or creating value or proper disposal” [10]. Therefore, if the reverse logistics 
channel is handled well, firms can in fact gain additional benefits from it. In the above study [9], an OEM 
company based in China ships an electronic product to its customer in the USA for final production. The 
original distribution channel is without reverse logistics as shown in Fig. 1(a). The company would like to 
implement lean and hence consider a totally new process that could be designed to accommodate reverse 
logistics, as shown in Fig. 1(b). 
 
Fig. 1. (a) Old process without reverse logistics 
Fig. 1 (b) New process with reverse logistics 
 
The key in the transformation is the packaging materials. The original packaging design is come up 
merely to protect the products from shipment. Although a certain degree of environmental issue had been 
taken into consideration – recycled papers are used in the packing design with paper pulp, a big room for 
improvement was found eventually. In addition, the paper materials (including carton boxes) become 
waste at the customer end and additional labor is required to dispose of them. A new plastic returnable 
tray is thus designed to hold the products for shipment, and the packing density is improved so that more 
products can be shipped in one cargo, which means unit transportation cost can be reduced. More 
importantly, the manufacturing processes at both ends could be re-designed in order to accommodate the 
tray as a kind of container. Therefore, labor cost is further reduced quite significantly after the 
reengineering process. Some advantages of the new method can be quantified into a number of measures. 
First, cost saving with respect to the original unit cost and unit packaging cost are 1.31% and 37.08% 
respectively. Some key figures of the breakdown are listed in Table 1.  
 
Table 1. Key breakdown of cost (adapted from Chan, 2007) 
 
Percentage cost increase (or 
decrease in negative value) 
Supplier’s saving Customer’s saving Overall 
With respect to the original unit 
total cost  
-1.77% 0.46% -1.31% 
With respect to the original unit 
packaging cost  
-50.10% 13.02% -37.08% 
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Second, from the environment perspective, most impacts can be reduced, not surprisingly. This can be 
verified using life-cycle assessment, which is a scientific approach for achieving this purpose. This is an 
input-output analysis which focuses on the unwanted outputs and the major objective of which is to 
quantify the environment impacts (outputs) of a product or process by taking its whole life-cycle into 
consideration [11]. In fact, life-cycle assessment is also employed in the discussion in next section. Back 
to this case, some important measures are listed in Table 2. 
 
Table 2. Some measures from life-cycle assessment (adapted from Chan, 2007) 
 
Impacts Old method New method Percentage 
reduction (%) 
Energy consumed (TJ) 0.112463 0.0674485 40.03 
CO emission (MTCO2E) 6.662972 3.0567225 54.12 
SO2 emission (Mt) 0.006047 0.0001805 98.67 
Total toxic releases (kg) 12.661321 4.859389 61.62 
 
Although the benefits of this case are obviously, the lesson learned from this project worth sharing. 
First, continuous innovation in process design underpins the success of this project. The original design in 
fact fulfill all the design criteria, and thus without a momentum for innovate the new design would not 
have come up. In addition, the cost and process analysis between the customer and manufacturer must be 
transparent. Otherwise, a small degree of inaccuracy would result in withdrawal of the project. In other 
words, cooperation also plays a vital role here, especially cost reduction sharing is needed between the 
supplier and customer in this case when we refer to the Table 1. 
3. Green Product Design 
Green product design, also known as eco-design or design for environment, is becoming an important 
element in new product development [12-13]. Any decisions made in this stage could have a profound 
environmental impact throughout its entire product life cycle [14]. A life-cycle can be divided into the 
following phases [5]: 
x Phase 1: Raw material selection and use; 
x Phase 2: Manufacturing; 
x Phase 3: Packaging, transport, and distribution; 
x Phase 4: Installation and maintenance (optional for some products/processes); 
x Phase 5: Usage; 
x Phase 6: End-of-life. 
A standard life-cycle assessment requires collection of data (e.g. Bill of materials, process 
consumptions, and so on) [15], which is perhaps the most tedious procedure when carrying out the 
assessment. Nevertheless, the results obtained from the assessment are very intuitive. A number of 
environmental impacts could be quantified and thus visible to the designers for making improvement. Fig. 
2 provides an example of the energy consumption and emissions to air of two electronic products, namely, 
heart rate monitor and weather station, after such assessment [15]. The y-axis shows the percentage 
contribution on the aforementioned impacts of each phase on the x-axis. According to Fig. 2, material 
phase is obviously the most critical phase that contributes the most to the two impacts for both products. 
In other words, remedy design options should be developed pinpointing this phase.  
In addition to that, the analysis can be further broken down into components level of different phases. 
This can be illustrated in Fig. 3 which shows the breakdown of the contributions from the electronic 
components of the material phase of the weather station [16]. Special cautions should be put on those 
highlighted items in red when design options are considered.  
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Fig. 2. Life-cycle assessment results (a) Heart Rate Monitor; (b) Weather Station (adapted from [15]) 
Fig. 3. Breakdown of the assessment for electronic components in the material phase (adopted from [16]) 
 
Based on these figures and analysis, eco-design options can be formulated by the designers with focus 
on the highlighted items accordingly. In addition to this, the same procedures can apply to new designs so 
that comparative results on the life cycle assessment can be made in order to justify the value of new 
options (sometime perhaps against associated cost increase). 
4. Conclusion 
As a matter of fact, a recent survey conducted by the author reveal that green process and product 
innovation discussed in this paper in fact are positively associated with firms’ environmental performance 
and competitive advantage [17]. In addition to that, if we extend the boundary to include wider supplier 
network, the indirect effect between such green innovation and greening the supplier leads to better 
competitive advantage than the direct effect [17]. In other words, green innovation moderates the 
relationship between greening the supplier and competitive advantage. In summary, it is worth 
considering a wider supply network than just internal operations and process when deploying green 
operations strategies.  
Green operations and process management is unavoidable trend in the marketplace. Firms cannot 
survive if they are unable to comply with the environmental regulations, or cannot catch up with the 
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market demand from this perspective. On the other hands, business opportunities, and possibly 
competitive edge, could be the incentive for moving green. Like many popular operations philosophy in 
the past, the first movers always gain the biggest slice of advantages. It is still not too late to adopt green 
philosophy but practice is much more important than theory. Doing things right the first time is obviously 
important. Doing things late, however, could result in disaster! 
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